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Abstract
Introduction
The evidence on the relationship between breast cancer and different types of antihyperten-
sive drugs taken for at least 5 years is limited and inconsistent. Furthermore, the debate
has recently been fueled again with new data reporting an increased risk of breast
cancer among women with a long history of use of antihypertensive drugs compared with
nonusers.
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Methods
In this case-control study, we report the antihypertensive drugs–breast cancer relationship
in 1,736 breast cancer cases and 1,895 healthy controls; results are reported stratifying by
the women’s characteristics (i.e., menopausal status or body mass index category) tumor
characteristics and length of use of antihypertensive drugs.
Results
The relationship among breast cancer and use of calcium channel blockers (CCB) for
5 or more years had odds ratio (OR) = 1.77 (95% CI, 0.99 to 3.17). Stratifying by BMI, the
OR increased significantly in the group with BMI 25 (OR 2.54, 95% CI, 1.24 to 5.22).
CCBs were even more strongly associated with more aggressive tumors, (OR for invasive
tumors = 1.96, 95% CI = 1.09 to 3.53; OR for non ductal cancers = 3.97, 95% CI = 1.73 to
9.05; OR for Erbb2+ cancer = 2.97, 95% CI: 1.20 to 7.32). On the other hand, premeno-
pausal women were the only group in which angiotensin II receptor blockers may be associ-
ated with breast cancer (OR = 4.27, 95% CI = 1.32 to 13.84) but this could not be identified
with any type or stage. Use of angiotensin-converting-enzyme inhibitors, beta blockers and
diuretics were not associated with risk.
Conclusions
In this large population-based study we found that long term use of calcium channel block-
ers is associated with some subtypes of breast cancer (and with breast cancer in over-
weight women).
Introduction
Hypertension is a highly prevalent disease affecting around 30–45% of the general population
[1] and antihypertensive medications are among the most commonly prescribed medications.
According to the latest data provided by the International Marketing Services (IMS), consump-
tion of antihypertensive drugs in Spain has tripled in the last 15 years [2]. Moreover, once
established, antihypertensive drugs are usually given for the rest of the patient’s life and the
number of antihypertensive drugs available is increasing.
Breast cancer is the most common cancer among women in both developed and developing
countries. One in ten of all new cancers diagnosed worldwide each year is a cancer of the
female breast. It is also the leading cause of cancer death among women worldwide. More than
1.67 million cases are diagnosed and more than 522,000 patients die from it worldwide every
year [3].
The carcinogenic potential of antihypertensive drugs has been debated for nearly 50 years
[4]. Even since the nineties, contradictions between different studies have been observed. Some
studies showed that calcium channel blockers (CCBs) increase the overall risk of cancer, but no
significant association was found with breast cancer [5,6]. Other studies observed that CCBs
specifically increase the risk of breast cancer [7–9]; in contrast to others that did not find such
association [10–15]. The debate has recently been fueled again with new data reporting an
increased risk of breast cancer among women with a long history of use of antihypertensive
drugs compared with nonusers [16–19].
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The discrepant results and the high prevalence of antihypertensive medication in middle-
aged population justify carrying out new research in order to provide additional evidence
about the relationship with cancer development. The aim of the present study is to assess the
association between breast cancer and previous use of antihypertensive medication, taking into
account the class of antihypertensive drug and the duration of use, in a large population-based
case-control study conducted in Spain, the MCC-Spain study.
Materials and Methods
Ethics Statement
This study was approved by the corresponding ethics committee of each area (Comité ético de
investigación clínica de Asturias, Barcelona, Cantabria, Girona, Gipuzkoa, Huelva, León,
Madrid, Navarra and Valencia) and informed written consent was obtained from parents. The
MCC-Spain study also followed the Declaration of Helsinki and the Spanish Personal Data
Protection Act of 1999.
Study design and population
The Multi Case-Control (MCC-Spain) study has been described in detail [20]. Briefly, it is a
population-based case-control study of common tumors in Spain; the recruitment includes
incident cases of colorectal, breast, gastroesophageal and prostate cancer diagnosed between
September 1st, 2008 and December 31st, 2013. Henceforth, we will only refer to breast cancer
cases and their controls.
All cases of breast cancer included were incident and pathology confirmed, with no previous
diagnosis of breast cancer; they were aged between 20 and 85 years old, and resident within the
influence area of the hospital for at least 6 months prior to recruitment in 10 Spanish provinces
(Asturias, Barcelona, Cantabria, Girona, Gipuzkoa, Huelva, León, Madrid, Navarra and Valen-
cia). Controls with no prior history of breast cancer were selected from the general population
according to age and regional distribution of the cases included in the study. In this paper,
1736 cases of breast cancer in women and their 1895 frequency-matched controls were consid-
ered. Response rates were 71% for breast cancer and 72% for controls, with no differences in
the main socio-demographic variables among those who participated and those who refused to
participate.
Exposure data
Participants were interviewed face-to-face by trained interviewers, using a comprehensive epi-
demiological questionnaire that collected socio-demographic information, personal and family
history of cancer, anthropometric data, smoking habits, alcohol intake, occupation, physical
activity, water consumption, reproductive and medical history and medication use, family his-
tory, sun exposure, sleep habits, use of hygiene products and cosmetics, signs and symptoms.
Comprehensive dietary habits were obtained with the use of a validated food-frequency
questionnaire.
Participant’s weight was self-reported, as estimated one year before diagnosis for cases and
one year before the interview for controls. Accordingly, body mass index (BMI) was calculated
considering self-reported weight, referred to that date, and height. Total fat and vegetable
intakes were estimated from the questionnaire using local food composition tables. Similar esti-
mates provided total energy consumption. Physical activity was recorded for the longest occu-
pation and also considering recreational physical exercise.
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Detailed information was obtained on past medical conditions and the corresponding medi-
cations used. The age at onset, the dates of diagnosis or occurrence and the type of treatment
received for each condition was also registered.
Drug use assessment
Drug use was recorded by indication. For each drug, the brand name, dose and duration of
exposure were recorded to identify patients with regular drug consumption (“no” and “occa-
sionally” versus “yes”) and the duration of consumption.
The drugs were coded following the Anatomical Therapeutic Chemical Classification Sys-
tem (ATC codes) to define groups with similar mechanisms of action [WHOCC Homepage.
WHO Collaborating Centre for Drug Statistics Methodology].
All drugs indicated for the treatment of hypertensive diseases have been considered. The
ATC codes included in the present analysis are code C02 (Antihypertensive), C03 (Diuretics),
C04 (Peripheral vasodilators), C07 (Beta blocking agents), C08 (Calcium channel blockers)
and C09 (Agents acting on the renin-angiotensin system). Results will be presented for each
separate group and for specific antihypertensive drugs that had a prevalence of use over 1% in
controls.
Statistical Methods
Unconditional binomial logistic regression was used to assess the association between antihy-
pertensive drug use and breast cancer overall and stratifying for menopausal status and BMI
(<25/25 kg/m2). In order to study the relationship between antihypertensive drug use and
different breast cancer subtypes, we applied multinomial logistic regression models; multino-
mial logistic regression is useful when the outcome is categorical rather than dichotomic; for
instance, according to cancer stage, participants were classified in one out of three categories:
control / breast cancer stage I-II / breast cancer stage III-IV. Multinomial logistic regression
allows to estimate odds ratios for every category (i.e.: breast cancer stage I-II / breast cancer
stage III-IV) comparing with the reference category (i.e.: control) [21]. Statistical models were
adjusted for the following confounders: age, area of residence, education, BMI 1 year before,
active smoking, alcohol intake in the past, family history of breast cancer, age of menarche, age
at first full-term birth, parity, menopausal status and hormonal therapy.
Stratified models were developed according to menopausal status, BMI (<25/25 kg/m2),
clinical stage (I-II / III-IV), ductal (ductal/non ductal), invasive and immunohistochemistry
(hormone + receptors with Erbb2 negative, Erbb2 + receptors and triple negative receptors).
Results, which are reported only in strata with at least 5 cases or controls using antihyperten-
sive drugs are shown as odds ratios (OR) with 95% confidence intervals (CI). All reported p-
values are two-tailed. Statistical analysis was carried out using the package Stata 14/SE (Stata-
Corp, College Station, Tx, US).
Results
There were 1736 cases of breast cancer and 1895 controls. Table 1 describes the characteristics
of the women participating in this study. Compared with women in the control group, cases
were younger (56.4 Vs 59.0), used to smoke more (former smoker 26% cases, 21% controls)
though the proportion of current smokers was similar in both groups, had undergone fewer
deliveries (1.9 vs 2.0) and were more likely to have family history of breast cancer. The propor-
tion of premenopausal women was higher in cases than in controls (40% vs 33%). With respect
to food, cases consumed more kilocalories per day (1861 versus 1754). The grams per day of
red meat and alcohol were also higher in the group of women with breast cancer.
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Table 1. Main characteristics of cases and controls from the study population (only women have been included).
Baseline and clinical characteristics Category Breast Cancer
Cases
Population
Controls
p
N = 1736 N = 1895
Age, mean±sd 56.4±12.6 59.0±13.2 <0.001
Geographical area, n (%) Asturias 70 (4.0) 121 (6.4) <0.001
Barcelona 292 (16.8) 380 (20.1)
Cantabria 141 (8.1) 188 (9.9)
Girona 47 (2.7) 57 (3.0)
Gipuzkoa 226 (13.0) 255 (13.5)
Huelva 105 (6.1) 79 (4.2)
Leon 227 (13.1) 202 (10.7)
Madrid 341 (19.6) 365 (19.3)
Navarra 226 (13.0) 181 (9.6)
Valencia 61 (3.5) 67 (3.5)
Antihyperstensive drug
consumption, n (%)
Any antihypertensive therapy Yes 364(21.0) 406 (21.4) 0.651
No 1372(79.0) 1489(78.6)
Diuretics Yes 101(5.8) 111(5.8) 0.996
No 1635(94.2) 1798(94.2)
Calcium channel blockers Yes 61(3.5) 58(3.0) 0.42
No 1675(96.5) 1851(97.0
B-blockers Yes 76(4.4) 86(4.5) 0.852
No 1660(95.6) 1823(95.5)
Angitensin-converting-enzyme inhibitors
[ACEIs]
Yes 131(7.6) 160(8.4) 0.353
No 1605(92.5) 1749(91.6)
Angiotensin II receptor blockers [ARBs] Yes 129(7.4) 133(7.0) 0.588
No 1607(92.6) 1776(93.0
Family history of breast cancer, n (%) No 1288(74.2) 1614 (85.2) <0.001
First-degree relative 256 (14.8) 166 (8.8)
Second-degree
relative
174 (10.0) 105 (5.5)
Not Available 18 (0.8) 10(0.5)
Educational level, n (%) Less than primary
school
268 (15.4) 327 (17.3) 0.1
Primary school 565 (32.6) 581 (30.7)
Secondary school 573 (33.0) 585 (30.9)
University 330 (19.0) 402 (21.2)
Tobacco smoking, n (%) Never smoker 972 (56.0) 1141 (60.2) 0.002
Former smoker 450 (25.9) 397 (21.0)
Current smoker 314 (18.1) 357 (18.8)
Body Mass Index (kg/m2), n (%) <18.5 30 (1.7) 43 (2.3) 0.31
18.5–24.9 789 (45.5) 899 (47.4)
25.0–29.9 590 (34.0) 601 (31.7)
30 327 (18.8) 352 (18.6)
Energy intake (kcal/day), mean±sd 1861±644 1754±566 <0.001
Ethanol intake in the past (g/day), mean±sd 6.2±11.5 5.3±9.5 0.01
Red meat intake (g/day), mean±sd 26.9±20.2 25.2±19.9 0.01
Fruit intake (g/day), mean±sd 363±239 365±222 0.87
(Continued)
Breast Cancer and Antihypertensive Drugs
PLOS ONE | DOI:10.1371/journal.pone.0159672 August 10, 2016 5 / 14
Clinical-pathological characteristics of the breast cancers are reported in Table 2; ductal
cancer accounts for 74% cases; two out of three breast cancers were diagnosed at stage I or II;
more than 60% cancers were hormonal receptors, 14% were Erbb2 receptors + and only 9%
were triple negative breast cancers.
Table 1. (Continued)
Baseline and clinical characteristics Category Breast Cancer
Cases
Population
Controls
p
N = 1736 N = 1895
Vegetable intake (g/day), mean±sd 196±133 198±119 0.6
Number of full-term, mean±sd 1.9±1.5 2.0±1.6 0.03
Menopausal status, n (%) Premenopausal 702 (40.4) 628 (33.1) <0.001
Postmenopausal 1034 (59.6) 1267 (66.9)
Age at ﬁrst full-term, mean±sd* 26.5±5.0 26.5±4.7 0.82
Age at menarche, mean±sd 12.8±1.5 12.9±1.5 0.02
Age at menopause, mean±sd 48.8±5.4 48.5±5.3 0.18
Previous use of hormonal contraceptives, n (%) 789 (45.5) 868 (45.8) 0.83
*exclude nulliparous
doi:10.1371/journal.pone.0159672.t001
Table 2. Clinical and pathological characteristics of breast cancers.
Classiﬁcation N (%)
Pathology
Ductal 1289 (74.3)
Lobular 112 (6.5)
Papilar 22 (1.3)
Coloid 20 (1.2)
Tubular 12 (0.7)
Mixed 27 (1.6)
Other 35 (2.0)
Not Available 213 (12.3)
Clinical stage
0 115 (6.6)
I 604 (34.8)
II 495 (28.5)
III 182 (10.5)
IV 22 (1.3)
Not Available 318 (18.3)
Invasive
Invasive 1497 (86.2)
Non-invasive 166 (9.6)
Not Available 73 (4.2)
Inmunohistochemistry
Hormonal receptors 1117 (64.3)
Erbb2+ 255 (14.7)
Triple – 157 (9.04)
Not Available 207(11.9)
doi:10.1371/journal.pone.0159672.t002
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Antihypertensive drug consumption and risk of breast cancer according
to women’s characteristics
Table 3 and S1 Table–displaying the duration of consumption- show the relationship between
the use of antihypertensive drugs and the risk of breast cancer overall- and stratified by meno-
pausal status and BMI. No significant associations were found between breast cancer and any
antihypertensive drug for all women combined (Table 3). Users of any antihypertensive drug
doubled the risk of developing breast cancer in premenopausal women (OR = 2.15, 95%
CI = 1.17 to 3.96).
Table 3. Relationship between antihypertensive drug consumption and breast cancer according to women’s characteristics. Category reference
no antihypertensive treatment.
Population
Controls
Breast Cancer Cases if antihypertensive therapy
consumption
Exp / UnExp Exp / UnExp Adjusted
aOR
95%CI p-value
any antihypertensive therapy All women 367/1497 323/1372 1.16 0.94 1.43 0.17
Menopausal * Premenopausal 27/596 46/654 2.15 1.17 3.96 0.014
postmenopausal 335/893 277/718 1.09 0.86 1.37 0.468
BMI <25 120/809 74/742 1.04 0.71 1.54 0.838
25 247/688 249/630 1.19 0.92 1.54 0.179
Diuretics All women 104/1798 91/1635 0.98 0.7 1.39 0.929
Menopausal * Premenopausal 8/619 9/692 1.26 0.41 3.93 0.687
postmenopausal 95/1165 82/943 1 0.69 1.45 0.991
BMI <25 30/911 15/803 0.66 0.3 1.43 0.289
25 74/887 76/832 1.08 0.73 1.59 0.713
Calcium Channel Blockers All women 52/1851 53/1675 1.56 0.98 2.48 0.063
Menopausal * Premenopausal 3/624 3/699 0.51 0.05 5.15 0.567
postmenopausal 48/1213 50/976 1.72 1.05 2.8 0.03
BMI <25 19/921 10/808 0.89 0.34 2.3 0.81
25 33/930 43/867 2.05 1.16 3.63 0.013
B- blockers All women 78/1823 63/1660 1.11 0.75 1.63 0.614
Menopausal * Premenopausal 9/619 7/695 1.1 0.35 3.42 0.869
postmenopausal 67/1191 56/965 1.15 0.75 1.75 0.515
BMI <25 27/911 16/803 1.3 0.64 2.65 0.468
25 51/912 47/857 1 0.62 1.61 0.99
Angiotensin-converting-enzyme inhibitors
[ACEIs]
All women 136/1749 116/1605 1.02 0.75 1.38 0.918
Menopausal * Premenopausal 8/615 14/687 1.61 0.6 4.34 0.346
postmenopausal 125/1122 102/918 1 0.72 1.38 0.977
BMI <25 51/887 23/795 0.65 0.35 1.2 0.167
25 85/862 93/810 1.17 0.81 1.69 0.406
Angiotensin II receptor blockers [ARBs] All women 124/1776 118/1607 1.19 0.87 1.62 0.286
Menopausal * Premenopausal 8/620 18/683 4.27 1.32 13.84 0.015
postmenopausal 115/1144 100/924 1.05 0.75 1.46 0.788
Abbreviations: CI, Conﬁdence interval; OR, odds ratio
aOR adjusted for the matching factors age, area of resident, education, body mass index, active smoking, alcohol intake, family history of breast cancer, age
of menarche, age ﬁrst full-term births, number of full-term births, menopausal status, hormonal therapy.
*OR adjusted for the matching factors age, area of resident, education, body mass index, active smoking, alcohol intake, family history of breast cancer,
age of menarche, age ﬁrst full-term births, number of full-term births, hormonal therapy
doi:10.1371/journal.pone.0159672.t003
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When examining specific classes of antihypertensive drugs, the use of CCBs was associated
with a 72% increased risk of breast cancer in the postmenopausal group (OR = 1.72, 95%
CI = 1.05 to 2.80) and twice the risk in women with BMI 25 (OR = 2.05, 95% CI = 1.16 to
3.63); there is moderate confirmation of both associations in women taking CCBs for 5 years
or more. Angiotensin II receptor blockers (ARB) were the only group associated with an
increased risk of breast cancer in premenopausal women (OR = 4.27, 95% CI = 1.32 to 13.84),
but not in postmenopausal women (p for ARB–menopausal status interaction = 0.03). The use
of diuretics, beta blockers and angiotensin converting enzyme inhibitors (ACEI) was not asso-
ciated with breast cancer risk in any women or in different strata.
Antihypertensive drug consumption and risk of breast cancer according
to tumor characteristics
Results of the association between the use of antihypertensive drugs and incident breast cancer
according to tumor characteristics are shown in Table 4 and in S2 Table for the duration of
consumption. Altogether, the use of antihypertensive drugs was associated with a higher risk of
triple negative breast cancer (OR = 2.21, 95% CI = 1.37 to 3.56; p for heterogeneity = 0.03); this
result was consistently reproduced in women undergoing antihypertensive treatment for more
or less than 5 years (S2 Table). Antihypertensive drugs were also associated with more aggres-
sive or worse prognosis cancer: taking antihypertensive drugs increased the risk of developing
a tumor in clinical stage III-IV (OR = 1.62; 95% CI = 1.04 to 2.52; p for antihypertensive drug–
clinical stage heterogeneity = 0.22), non-ductal tumor (OR = 1.49; 95% CI = 1.00 to 2.24; p for
antihypertensive drug–ductal cancer interaction = 0.32), invasive cancer (OR = 1.26, 95%
CI = 1.01 to 1.57; p for antihypertensive drug–invasive cancer interaction = 0.02), although
results taking into account the treatment length did not reveal a risk pattern consistent with
higher risk in women taking antihypertensive drugs for more than 5 years (S2 Table).
Looking at specific classes of antihypertensive drugs, CCBs were even more strongly associ-
ated with more aggressive tumors, multiplying by 2.7 the risk of tumors in stage III-IV
(OR = 2.70, 95% CI = 1.23 to 5.95), non-ductal cancers (OR = 2.63, 95% CI = 1.27 to 5.43), and
Erbb2+ cancer (OR = 2.52, 95% CI: 1.18 to 5.37). CCBs were also associated with invasive
tumors (OR = 1.67, 95% CI = 1.04 to 2.70). Similar results were found in women taking CCBs
for at least five years.
The use of diuretics, beta blockers, ACEIs or ARBs was not associated with increased risk
for specific tumor characteristics.
Discussion
In this population-based case-control study the use of antihypertensive medications as a global
group was associated with higher risk of invasive breast cancer, and this risk appears to be con-
fined to triple negative breast cancer and concentrated in premenopausal women. Our results
were similar to those found in a large prospective study, the California Teachers Study (CTS)
with 133,479 women [16]. In contrast, another recent study, the Nurses’ Health Study (NHS)
with 210,641 participants [22], did not find this association. On the other hand, we found that
CCB consumption increased the odds of breast cancer in postmenopausal women, women
with BMI over 25 kg/m2, cancer in stages III-IV, non-ductal cancer and Erbb2+ cancer. Previ-
ous results on CCB-breast cancer relationship have been contradictory; Fitzpatrick et al, in a
study limited to women aged 65 years or more, found an elevated risk of breast cancer associ-
ated with CCB usage [7]; Li et al (2003) reported an increase in breast cancer risk in former
users of CCBs, but they failed to find any trend of increasing risk associated with longer dura-
tion [8]; Li et al (2013) found that CCB usage was associated with both ductal and non-ductal
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Table 4. Relationship between antihypertensive drug consumption and breast cancer according to tumor characteristic. Category reference: no
antihypertensive treatment.
Population Breast Cancer Cases if antihypertensive
therapy consumption
Controls
Exp / UnExp Exp /
UnExp
Adjusted
aOR
95%
CI
p-
value
any antihypertensive therapy Clinical Stage I-II 367/1497 208/872 1.22 0.96 1.55 0.105
III-IV 367/1497 47/154 1.62 1.04 2.52 0.032
ductal Ductal 367/1497 245/1015 1.21 0.96 1.53 0.103
Non ductal 367/1497 50/177 1.49 1 2.24 0.052
Invasive In situ 367/1497 21/143 0.63 0.35 1.13 0.123
Invasive 367/1497 289/1172 1.26 1.01 1.57 0.038
Inmunohistochemistry hormone +receptors 367/1497 210/884 1.13 0.89 1.44 0.313
Erbb2+ 367/1497 45/205 1.13 0.74 1.73 0.563
receptors
triple negative
receptors
367/1497 41/111 2.21 1.37 3.56 0.001
Diuretics Clinical Stage I-II 104/1798 55/1039 0.9 0.6 1.34 0.598
III-IV 104/1798 11/193 1 0.48 2.09 0.994
ductal Ductal 104/1798 72/1209 1.03 0.71 1.49 0.89
Non ductal 104/1798 10/223 0.78 0.37 1.63 0.507
Invasive In situ 104/1798 5/161 0.68 0.24 1.95 0.473
Invasive 104/1798 82/1406 1.01 0.71 1.45 0.939
Inmunohistochemistry hormone +receptors 104/1798 56/1054 0.9 0.6 1.34 0.601
Erbb2+ 104/1798 14/240 1.05 0.54 2.07 0.881
receptors
triple negative
receptors
104/1798 13/144 1.54 0.77 3.08 0.224
Calcium Channel Blockers Clinical Stage I-II 52/1851 29/1065 1.34 0.78 2.3 0.287
III-IV 52/1851 11/193 2.7 1.23 5.95 0.014
ductal Ductal 52/1851 38/1248 1.5 0.9 2.51 0.12
Non ductal 52/1851 12/218 2.63 1.27 5.43 0.009
Invasive In situ 52/1851 3/163 - - - -
Invasive 52/1851 49/1441 1.67 1.04 2.7 0.035
Inmunohistochemistry hormone +receptors 52/1851 33/1080 1.46 0.86 2.47 0.164
Erbb2+ 52/1851 12/242 2.52 1.18 5.37 0.017
receptors
triple negative
receptors
52/1851 4/152 - - - .
B- blockers Clinical Stage I-II 78/1823 40/1054 1.1 0.71 1.72 0.658
III-IV 78/1823 9/194 1.23 0.54 2.8 0.626
ductal Ductal 78/1823 48/1229 1.16 0.76 1.77 0.5
Non ductal 78/1823 8/225 1.04 0.48 2.26 0.921
Invasive In situ 78/1823 4/162 - - - .
Invasive 78/1823 55/1429 1.17 0.78 1.75 0.455
Inmunohistochemistry hormone +receptors 78/1823 38/1073 0.96 0.61 1.52 0.876
Erbb2+receptors 78/1823 6/246 0.79 0.33 1.9 0.602
triple negative
receptors
78/1823 9/146 2.04 0.95 4.38 0.068
(Continued)
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breast cancer, but only if duration of CCB consumption was longer than 10 years [17]; while a
small but statistically significant effect of CCBs on breast cancer incidence was also reported by
Leung (2015)[18]. Negative results have been published, however, in other studies [10–
15,23,24].
CCBs may increase the risk of cancer by changing intracellular calcium levels, which could
affect the process of programmed cell death, not enabling the destruction of damaged cells to
prevent the development of diseases such as cancer, resulting in indiscriminate replication of
an impaired cell [25]. Calcium plays a regulatory role in apoptosis acting through various sig-
naling pathways such as the activation of the caspase [26–28] or the induction of endonuclease
activity [29]. In addition, calcium is involved in triggering cell death by mitochondrial permea-
bilization [30] and promoting phagocytosis by phosphatidylserine exposure on the cell surface
by apoptosis [31].
On the other hand, nifedipine–a CCB- has been found to increase proliferation and migra-
tion of breast cancer cells, which could be responsible for the association between CCBs and
late stage cancers. This nifedipine effect–which is not shared by other CCBs such as verapamil-
seems to be produced via the Erk pathway activation and is independent of the calcium chan-
nel-blocking effect [32].
Table 4. (Continued)
Population Breast Cancer Cases if antihypertensive
therapy consumption
Controls
Exp / UnExp Exp /
UnExp
Adjusted
aOR
95%
CI
p-
value
Angiotensin-converting-enzyme
inhibitors [ACEIs]
Clinical Stage I-II 136/1749 77/1015 1.09 0.77 1.53 0.634
III-IV 136/1749 14/189 1.01 0.51 1.98 0.982
ductal Ductal 136/1749 83/1196 0.95 0.67 1.33 0.754
Non ductal 136/1749 22/209 1.78 1.06 2.98 0.029
Invasive In situ 136/1749 9/157 0.86 0.38 1.95 0.725
Invasive 136/1749 104/1380 1.1 0.8 1.51 0.554
Inmunohistochemistry hormone +receptors 136/1749 85/1025 1.19 0.85 1.67 0.321
Erbb2+receptors 136/1749 12/242 0.7 0.35 1.39 0.303
triple negative
receptors
136/1749 14/139 1.43 0.73 2.79 0.293
Angiotensin II receptor blockers [ARBs] Clinical Stage I-II 124/1776 76/1019 1.34 0.95 1.9 0.099
III-IV 124/1776 19/184 1.75 0.97 3.18 0.065
ductal Ductal 124/1776 91/1189 1.28 0.91 1.79 0.152
Non ductal 124/1776 16/218 1.22 0.67 2.21 0.514
Invasive In situ 124/1776 9/155 0.71 0.29 1.73 0.452
Invasive 124/1776 104/1384 1.24 0.9 1.71 0.197
Inmunohistochemistry hormone +receptors 124/1776 74/1039 1.11 0.78 1.58 0.568
Erbb2+ 124/1776 19/234 1.45 0.81 2.61 0.214
receptors
triple negative
receptors
124/1776 14/142 1.74 0.88 3.41 0.109
Abbreviations: CI, Conﬁdence interval; OR, odds ratio
aOR adjusted for the matching factors age, area of resident, education, body mass index, active smoking, alcohol intake, family history of breast cancer, age
of menarche, age ﬁrst full-term births, number of full-term births, menopausal status, hormonal therapy.
doi:10.1371/journal.pone.0159672.t004
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Other antihypertensive drugs
ARBs were the only antihypertensive group associated with an increased risk of breast cancer
in premenopausal women in our results; using ARBs before menopause was, however, scarce;
therefore, when stratifying by length of consumption the results were non-significant, although
the odds ratios scaled from 3.48 for less than 5 year users to 6.64 for 5 or more year users. We
have not found other papers analyzing the relationship between ARBs and breast cancer in pre-
menopausal women; this together with the small number of premenopausal women taking
ARBs make the interpretation of this result highly speculative. Bhashkaran et al (2012) found
an increased risk of breast cancer associated with short-term exposure to ARBs; they suggested
that such an association could not be causal but the result of confounding by indication:
according to them, some early symptoms of breast cancer could induce ARBs to be indicated
instead of ACEIs in hypertensive patients, leading, therefore, to a spurious ARB–breast cancer
association [33]. We have no data for exploring such an explanation in our study.
Differences in study design and population characteristics may explain the conflicting
results reported on the antihypertensive drugs–breast cancer association. Inferring is difficult
because of the small sample size in some studies, differences in the populations evaluated and
designs (cohort of patients, general population cohorts and case-control studies). In many
cases, randomized trials cannot identify long-term adverse effects of medication because they
are usually conducted for relatively shorter periods (i.e.: 5 years or less) [34]. Subsequent long-
term monitoring of drugs through observational studies may overcome this limitation and
provide new information in this regard. Some observational studies have analyzed the antihy-
pertensive drugs-breast cancer relationship by working with administrative data, which were
not designed for this objective. That kind of design does not allow an adequate adjustment for
confounding factors. Although some studies linked the use of CCB and cancer in the 90s, anti-
hypertensive consumption was different to today’s. Nowadays, more therapeutic options are
available; the use of antihypertensive drugs is characterized by the appearance of new fixed-
dose combinations of two active antihypertensive drugs and by the introduction of new drug
treatments belonging to the group of ARBs, beta blockers or CCBs [1].
The present study has some limitations. First, recall bias should be considered as in any
case-control study. Drug consumption was obtained using a standardized questionnaire in
face-to-face interviews where examiners were blinded to the case-control status. If a non-differ-
ential recall bias was produced, then the odds ratios should be downward biased and the posi-
tive associations we have found for CCB, ARBs or ACEIs would actually be even stronger than
reported here. If a differential recall bias were responsible for these associations, breast cancer
cases would also have over-declared (or controls under-declared) their consumption of other
hypertensive drugs; however, no association has been found between breast cancer and diuret-
ics or beta-blockers, which makes a differential recall bias less probable. Second, some strata in
our study have small numbers of exposed cases or controls; this could produce unstable esti-
mates. This limitation should be especially considered regarding ARBs, as their relationship
with breast cancer is confined to premenopausal women, a relatively small subgroup whose
exposure to hypertensive drugs could not be too long. Third, antihypertensive consumption
was reported by indication; therefore, most people taking antihypertensive drugs have hyper-
tension. Thus, we cannot distinguish using antihypertensive drugs from having hypertension.
Lastly, many comparisons have been made, raising the probability of finding some spurious
results However, the consistency of some results in different subgroups, such as those for
CCBs, supports the existence of a real excess risk associated with their use.
In summary, we report that consumption of antihypertensive medications -as a global
group- was associated with an increased odds of breast cancer in premenopausal women, and
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the use of CCBs in particular was associated with an increased odds of breast cancer in post-
menopausal women and those with BMI higher than 25 Kg/m2. As people with hypertension
are expected to take antihypertensive drugs for many years, their relative effect on breast cancer
should be taken into account when choosing the antihypertensive to be prescribed.
Supporting Information
S1 Table. Association between duration of antihypertensive drug consumption (<5 years
and5 years) and the risk of breast cancer according to women’s characteristic. Category
reference no antihypertensive treatment.
(DOCX)
S2 Table. Association between duration of antihypertensive drug consumption (<5 years
and5 years) and the risk of breast cancer according to characteristics of tumor and
immunohistochemistry. Category reference no antihypertensive treatment.
(DOCX)
Author Contributions
Conceived and designed the experiments:MPMK GCV NA VMAT RP NA JL.
Performed the experiments: IGA TDS JL.
Analyzed the data: IGA TDS JL.
Contributed reagents/materials/analysis tools: IGA TDS JL.
Wrote the paper: IGA TDS JL.
Critically reviewed the manuscript and approved the final version: IGA TDS CP BPG VL IT
MHA VM PA AJMT AB AT AC RPP RMGMMMJME LOVMG GCV NAMKMP JL.
References
1. Mancia G, Fagard R, Narkiewicz K, Redon J, Zanchetti A, BohmM, et al. 2013 ESH/ESCGuidelines
for the management of arterial hypertension: the Task Force for the management of arterial hyperten-
sion of the European Society of Hypertension (ESH) and of the European Society of Cardiology (ESC).
J Hypertens. 2013; 31: 1281–1357. doi: 10.1097/01.hjh.0000431740.32696.cc PMID: 23817082
2. Garcia del PJ, Ramos SE, de Abajo FJ, Mateos CR. [Use of antihypertensive drugs in Spain (1995–
2001)]. RevEspCardiol. 2004; 57: 241–249.
3. Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mathers C, Rebelo M, et al. Cancer incidence and mortal-
ity worldwide: sources, methods and major patterns in GLOBOCAN 2012. IntJCancer. 2015; 136:
E359–E386. doi: 10.1002/ijc.29210
4. Heinonen OP, Shapiro S, Tuominen L, TurunenMI. Reserpine use in relation to breast cancer. Lancet.
1974; 2: 675–677. PMID: 4142957
5. Pahor M, Guralnik JM, Ferrucci L, Corti MC, Salive ME, Cerhan JR, et al. Calcium-channel blockade
and incidence of cancer in aged populations. Lancet. 1996; 348: 493–497. doi: 10.1016/S0140-6736
(96)04277-8 PMID: 8757150
6. Pahor M, Guralnik JM, Salive ME, Corti MC, Carbonin P, Havlik RJ. Do calcium channel blockers
increase the risk of cancer? AmJ Hypertens. 1996; 9: 695–699.
7. Fitzpatrick AL, Daling JR, Furberg CD, Kronmal RA, Weissfeld JL. Use of calcium channel blockers
and breast carcinoma risk in postmenopausal women. Cancer. 1997; 80: 1438–1447. doi: 10.1002/
(SICI)1097-0142(19971015)80:8<1438::AID-CNCR11>3.0.CO;2–6 PMID: 9338468
8. Li CI, Malone KE, Weiss NS, Boudreau DM, Cushing-Haugen KL, Daling JR. Relation between use of
antihypertensive medications and risk of breast carcinoma among women ages 65–79 years. Cancer.
2003; 98: 1504–1513. doi: 10.1002/cncr.11663 PMID: 14508839
Breast Cancer and Antihypertensive Drugs
PLOS ONE | DOI:10.1371/journal.pone.0159672 August 10, 2016 12 / 14
9. Hole DJ, Gillis CR, McCallum IR, McInnes GT, MacKinnon PL, Meredith PA, et al. Cancer risk of hyper-
tensive patients taking calcium antagonists. JHypertens. 1998; 16: 119–124.
10. Jick H. Calcium-channel blockers and risk of cancer. Lancet. 1997; 349: 1699–1700.
11. Meier CR, Derby LE, Jick SS, Jick H. Angiotensin-converting enzyme inhibitors, calcium channel block-
ers, and breast cancer. ArchInternMed. 2000; 160: 349–353.
12. Michels KB, Rosner BA, Walker AM, Stampfer MJ, Manson JE, Colditz GA, et al. Calcium channel
blockers, cancer incidence, and cancer mortality in a cohort of U.S. women: the nurses’ health study.
Cancer. 1998; 83: 2003–2007. doi: 10.1002/(SICI)1097-0142(19981101)83:9<2003::AID-CNCR17>3.
0.CO;2–3 PMID: 9806660
13. Olsen JH, Sorensen HT, Friis S, McLaughlin JK, Steffensen FH, Nielsen GL, et al. Cancer risk in users
of calcium channel blockers. Hypertension. 1997; 29: 1091–1094. PMID: 9149671
14. Rosenberg L, Rao RS, Palmer JR, Strom BL, Stolley PD, Zauber AG, et al. Calcium channel blockers
and the risk of cancer. JAMA. 1998; 279: 1000–1004. PMID: 9533498
15. Sorensen HT, Olsen JH, Mellemkjaer L, Marie A, Steffensen FH, McLaughlin JK, et al. Cancer risk and
mortality in users of calcium channel blockers. A cohort study. Cancer. 2000; 89: 165–170. doi: 10.
1002/1097-0142(20000701)89:1<165::AID-CNCR21>3.0.CO;2-G PMID: 10897013
16. Largent JA, Bernstein L, Horn-Ross PL, Marshall SF, Neuhausen S, Reynolds P, et al. Hypertension,
antihypertensive medication use, and breast cancer risk in the California Teachers Study cohort. Can-
cer Causes Control. 2010; 21: 1615–1624. doi: 10.1007/s10552-010-9590-x PMID: 20526803
17. Li CI, Daling JR, Tang MT, Haugen KL, Porter PL, Malone KE. Use of antihypertensive medications
and breast cancer risk among women aged 55 to 74 years. JAMA InternMed. 2013; 173: 1629–1637.
doi: 10.1001/jamainternmed.2013.9071
18. Leung HWC, Hung L-L, Chan ALF, Mou C-H. Long-Term Use of Antihypertensive Agents and Risk of
Breast Cancer: A Population-Based Case-Control Study. Cardiol Ther. 2015; 4: 65–76. doi: 10.1007/
s40119-015-0035-1 PMID: 25657096
19. Li W, Shi Q, WangW, Liu J, Li Q, Hou F. Calcium channel blockers and risk of breast cancer: a meta-
analysis of 17 observational studies. PLoSOne. 2014; 9: e105801. doi: 10.1371/journal.pone.0105801
20. Castano-Vinyals G, Aragones N, Perez-Gomez B, Martin V, Llorca J, Moreno V, et al. Population-
based multicase-control study in common tumors in Spain (MCC-Spain): rationale and study design.
GacSanit. 2015; doi: 10.1016/j.gaceta.2014.12.003
21. Hosmer DW, Lemeshow S, Sturdivant RX. Applied Logistic Regression, 3rd Edition. Wiley. 2013. pp
269–289.
22. Devore EE, Kim S, Ramin CA, Wegrzyn LR, Massa J, Holmes MD, et al. Antihypertensive medication
use and incident breast cancer in women. Breast Cancer ResTreat. 2015; 150: 219–229. doi: 10.1007/
s10549-015-3311-9
23. Fryzek JP, Poulsen AH, Lipworth L, Pedersen L, Norgaard M, McLaughlin JK, et al. A cohort study of
antihypertensive medication use and breast cancer among Danish women. Breast Cancer ResTreat.
2006; 97: 231–236. doi: 10.1007/s10549-005-9091-x
24. Michels KB, Rosner BA, Manson JE, Stampfer MJ, Walker AM, Willett WC, et al. Prospective study of
calcium channel blocker use, cardiovascular disease, and total mortality among hypertensive women:
the Nurses’ Health Study. Circulation. 1998; 97: 1540–1548. PMID: 9593558
25. Daling JR. Calcium channel blockers and cancer: is an association biologically plausible? AmJ Hyper-
tens. 1996; 9: 713–714.
26. Iwasawa R, Mahul-Mellier A-L, Datler C, Pazarentzos E, Grimm S. Fis1 and Bap31 bridge the mito-
chondria-ER interface to establish a platform for apoptosis induction. EMBO J. 2011; 30: 556–568. doi:
10.1038/emboj.2010.346 PMID: 21183955
27. Schwab BL, Guerini D, Didszun C, Bano D, Ferrando-May E, Fava E, et al. Cleavage of plasmamem-
brane calcium pumps by caspases: a link between apoptosis and necrosis. Cell DeathDiffer. 2002; 9:
818–831. doi: 10.1038/sj.cdd.4401042
28. Yoneda T, Imaizumi K, Oono K, Yui D, Gomi F, Katayama T, et al. Activation of caspase-12, an endo-
plastic reticulum (ER) resident caspase, through tumor necrosis factor receptor-associated factor 2-
dependent mechanism in response to the ER stress. J BiolChem. 2001; 276: 13935–13940. doi: 10.
1074/jbc.M010677200
29. Wyllie AH. Glucocorticoid-induced thymocyte apoptosis is associated with endogenous endonuclease
activation. Nature. 1980; 284: 555–556. PMID: 6245367
30. Szalai G, Krishnamurthy R, Hajnoczky G. Apoptosis driven by IP(3)-linked mitochondrial calcium sig-
nals. EMBO J. 1999; 18: 6349–6361. doi: 10.1093/emboj/18.22.6349 PMID: 10562547
Breast Cancer and Antihypertensive Drugs
PLOS ONE | DOI:10.1371/journal.pone.0159672 August 10, 2016 13 / 14
31. Suzuki J, Umeda M, Sims PJ, Nagata S. Calcium-dependent phospholipid scrambling by TMEM16F.
Nature. 2010; 468: 834–838. doi: 10.1038/nature09583 PMID: 21107324
32. Guo DQ, Zhang H, Tan SJ, Gu YC. Nifedipine promotes the proliferation and migration of breast cancer
cells. PLoSOne. 2014; 9: e113649. doi: 10.1371/journal.pone.0113649
33. Bhaskaran K, Douglas I, Evans S, van ST, Smeeth L. Angiotensin receptor blockers and risk of cancer:
cohort study among people receiving antihypertensive drugs in UK General Practice Research Data-
base. BMJ. 2012; 344: e2697. doi: 10.1136/bmj.e2697 PMID: 22531797
34. Bangalore S, Kumar S, Kjeldsen SE, Makani H, Grossman E, Wetterslev J, et al. Antihypertensive
drugs and risk of cancer: network meta-analyses and trial sequential analyses of 324,168 participants
from randomised trials. Lancet Oncol. 2011; 12: 65–82. doi: 10.1016/S1470-2045(10)70260-6 PMID:
21123111
Breast Cancer and Antihypertensive Drugs
PLOS ONE | DOI:10.1371/journal.pone.0159672 August 10, 2016 14 / 14
